Abstract Time-domain feature representation for imagined grip force movement-related cortical potentials (MRCP) of the right or left hand and the decoding of imagined grip force parameters based on electroencephalogram (EEG) activity recorded during a single trial were here investigated. EEG signals were acquired from eleven healthy subjects during four different imagined tasks performed with the right or left hand. Subjects were instructed to execute imagined grip movement at two different levels of force. Each task was executed 60 times in random order. The imagined grip force MRCP of the right or left hand was analyzed by superposition and averaging technology, a single-trial extraction method, analysis of variance (ANOVA), and multiple comparisons. Significantly different features were observed among different imagined grip force tasks. These differences were used to decode imagined grip force parameters using Fisher linear discrimination analysis based on kernel function (k-FLDA) and support vector machine (SVM). Under the proposed experimental paradigm, the study showed that MRCP may characterize the dynamic processing that takes place in the brain during the planning, execution, and precision of a given imagined grip force task. This means that features related to MRCP can be used to decode imagined grip force parameters based on EEG. ANOVA and multiple comparisons of time-domain features for MRCP showed that movement-monitoring potentials (MMP) and specific interval (0-150 ms) average potentials to be significantly different among 4 different imagined grip force tasks. The minimum peak negativity differed significantly between high and low amplitude grip force. Identification of the 4 different imagined grip force tasks based on MMP was performed using k-FLDA and SVM, and the average misclassification rates of 27 % ± 5 % and 24 % ± 4 % across 11 subjects were achieved respectively. The minimum misclassification rate was 15 %, and the average minimum misclassification rate across 11 subjects was 24 % ± 4.5 %.
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space-time-frequency features of EEG induced by these three phenomena, which serve as the foundations of EEGbased BCIs. EEG signals underlying processing, feature extraction, and pattern classification are also considerable challenges in the engineering and implementation of BCIs.
BCIs based on EEG induced by imagined movement are highly important. Because of its lack of invasiveness and the lack of fatigue experienced by subjects, it is gaining favor as a direct means of communication with the external world. It does not need to involve the peripheral nervous system or muscles, which is highly advantageous for individuals with severe motor disabilities [1, 2] . EEGbased BCIs are also expected to provide an additional communication and control channel with the external world for the able-bodied person [3, 4] . However, unlike BCIs which are based on event-related potentials evoked by external stimulations such as visual and auditory stimuli (including a hybrid BCIs based on the combination of two different external stimuli, such as P300 and SSVEP) [5] [6] [7] [8] [9] , BCIs based on imagined movement involve endogenously induced potentials [10] [11] [12] [13] . Potentials evoked by external stimuli have more distinctive and stable features than those endogenously induced by internal events [14, 15] . Feature representation for imagined grip force MRCP involving the right or left hand was evaluated, and imagined grip force parameters based on EEG activity from a single-trial EEG were decoded in order to further explore the features of endogenously induced potentials.
There have been many studies of BCIs based on the imagined movement of many different types of limbs, such as the right hand, left hand, right foot, and tongue. These studies involving imagined movement as indicated by EEG showed good results [16] [17] [18] . There have been some studies of the decoding of imagined movement parameters (such as movement speeds, variations in force, and the direction of movement). These have usually involved unilateral limbs and have been based on EEG. Some progress has been made [19] [20] [21] [22] [23] [24] . Nascimento and Gu et al. explored the relationship between MRCP and the movement or imagined movement involved in unilateral limb and identified task parameters. Their results demonstrated that it was possible to decode imagined movement task parameters involved unilateral limb movement using EEG [20] [21] [22] [23] [24] .
However, there have been only a few EEG-based studies involving simultaneous decoding of limb types and parameters involved in imagined movement, and there are still no satisfactory results [25] . The present study is based on an experimental paradigm of imagined grip movement tasks involving the right or left hand. The reparability of two modes of variations in imagined grip force involving the right or left hand is explored based on MRCP. This exploration involves single-trial extraction technology, ANOVA, and multiple comparisons. Finally, the singletrial decoding of imagined grip movement parameters involving the right or left hand was performed using k-FLDA and SVM. This study may facilitate the development of fine control instructions for BCIs to facilitate more advanced BCIs.
Materials and methods

Subjects
Eleven healthy volunteers (S1-S11; eight men and three women; age 23-30 years and mean age 26.5 ± 2 years; all right-handed) participated in EEG data acquisition. Except for S8, none of them had been in an EEG experiment previously. None of them had any known sensory-motor diseases or any history of psychological disorders. Each subject gave informed consent for the study, which was approved by Shenyang Institute of Automation (SIA), Chinese Academy of Sciences.
Experimental paradigm
All of the imagined grip force movements, which involved the right or left hand, in the experimental paradigm were simple and natural movements that people perform often in their daily lives. Low amplitude imagined grip force [B20 % maximum voluntary grip force (MVGF)] and high amplitude imagined grip force (C80 % MVGF) movement tasks that differ significantly from each other are expected to relate to distinctive EEG features [26] . Subjects were asked to execute a single imagined grip movement during each trial, and MRCP was used to identify the imagined grip force parameters.
Based on these considerations, subjects were instructed to execute 4 imagined grip force tasks involving the right or left hand at two levels of force (slow movement with a low amplitude grip force or with a high amplitude grip force (SLGF/SHGF): development rate of 20 % or 80 % MVGF per second and then keeping 20 % or 80 % MVGF constant for 1 s) as in a previous study bout actual grip force movement. There were four imagined grip force tasks: SLGF for the right hand (LGFR), SHGF for the right hand (HGFR), SLGF for the left hand (LGFL), and SHGF for the left hand (HGFL).
For these two levels of imagined grip force amplitude, the gripping action lasted 1,000 ms ([500 ms) from the initiation of the hand dynamometer to the given grip force. This is relatively slow [26] . This study focuses on the extraction and selection of MRCP time-domain features related to imagined grip movement parameters (two modes of variations in imagined grip force of actions involving the right or left hand) and on single-trial identification of imagined grip movement parameters.
Experimental implementation and procedure
Generally, for voluntary grip force movement mode, the rate at which the force of the grip increases (at 20 % and 80 % of MVGF per second) and the given grip force (20 % and 80 % MVGF, kept constant for 1 s) can be monitored using a dynamometer and displayed using an oscilloscope. EMG related to grip force movement can be measured at the same time [27] . However, for imagined grip force movement mode, the subjects had been asked to mentally rehearse the process of changing the force of the voluntary grip without actually moving (Kinesthetic imagery) [28] . They were trained to imagine the movement by first performing the actual grip force movement until they believed themselves to have a vivid, lifelike, and controllable mental model of the action [29] [30] [31] [32] [33] [34] . Mental strategies for grip force movement imagery may be regulated by online neural feedback of the results of single-trial decoding [17, [35] [36] [37] .
Before formal data acquisition began, subjects were instructed to be familiarized with the experimental setup and understand the experimental procedures. In order to determine MVGF, each subject performed three maximal grip actions with the hand dynamometer. These were separated by a 2 min of rest. The maximum grip of these three trials was averaged. After calculating MVGF, a training experiment was performed before the formal experiment to give each subject experience.
In the formal experiment, each task comprises 60 trials in random order. Each trial lasted 11.5-13.5 s, and a timing diagram was realized by E-Prime for each imagined grip movement, as in a previous study about the actual grip force movement.
Data acquisition
In the study, data acquisition configuration involved a 16-channels EEG amplifier (Mipower-UC, EEG Collection_V2 online acquisition software, Neural Engineering Laboratory, Tsinghua University, China) with signal frequency band 0-250 Hz and without 50 Hz notch filter. The EEG signals were sampled at 1,000 Hz with a 24 bit A/D converter. A customized 16-channels electrode cap (AgAgCl powder electrodes, according to the 10-10 system, Wuhan Green Technology Co. LTD, China) was used in the experiment [38] . Nine electrodes overlying the motor cortical area (FC3, FCz, FC4, C3, Cz, C4, CP3, CPz, and CP4) were used as recording electrodes, as in a previous study about the actual grip force movement. The EEG recording was referenced to M1 and grounded at Fpz. EOG (the same band pass and sampling rate as for EEG) was recorded to exclude trials contaminated by eye movements. Electrode impedances were kept below 5 k Ohm.
Data processing
Data processing was based on EEGLAB version 9.0.8.6b and MATLAB version 7.6. Data preprocessing included the following: Event markers were added according to both the timing for a trial and the event synchronized with EEG amplifier; EEG signals were down-sampled to 250 Hz; EEG signals were filtered using a 50 Hz notch filter to remove power line noise. A FFT linear filter was used for EEG signals high-pass filtered at 0.05 Hz to remove baseline drift and low-pass filtered at 45 Hz to remain some gamma band signals.
Moreover, all epochs 4 s in length from -2 to 2 s with reference to the imagined grip movement onset (t = 0 s) were extracted, which covered the baseline state, movement preparation state, and imagined grip movement execution. The baseline was corrected on each EEG channel by subtracting the mean amplitude value in the interval from -2 to -1.5 s. Trials during which the EOG signal exceeded 75 lV were excluded from subsequent processing. Finally, an average of 29 ± 3 trials for each task remained for further analysis.
EEG related to imagined grip force movement parameter (i.e., HGFL) for S2 is shown in Fig. 1a. 
Extraction of imagined grip force MRCP
In order to extract MRCP related to each imagined grip task, the onset of each event was set as t = 0 ms, and the time before and after the imagined grip movement onset are here described relative to this point. Processing of these preprocessed EEG signals included the following calculations: The preprocessed EEG signals were subjected to low-pass filtering at 2 Hz to extract slow potentials. EEG related to imagined grip force movement parameter (i.e., HGFL) for S2 is shown in Fig. 1b . For each subject, all epochs related to each imagined grip movement were superimposed and averaged to produce the average MRCP. All epochs related to each imagined grip movement were superimposed and averaged across all subjects to produce the grand average MRCP.
After these calculations, time-domain parameters were extracted from the average and single-epoch MRCP related to each imagined grip task using the following methods of feature extraction. The time windows were different from those used in a previous study about the actual grip force movement.
The readiness potentials (RP) were calculated as the peak negativity in the interval between -650 and -350 ms according to Eq. (1): Chin. Sci. Bull. (2014) 59 (16):1907-1916 1909 RP ¼ minðPðÀ650; À350ÞÞ:
Here P (t 1 , t 2 ) denotes all possible potentials values in the interval between t 1 and t 2 . The motor potentials (MP) were extracted and serve here as the peak negativity of the interval between -150 and 0 ms according to Eq. (2):
The movement-monitoring potentials (MMP) were extracted and serves as the peak negativity in the interval between 500 and 1,500 ms according to Eq. 
The minimum peak negativity (MPN) was calculated and serves as the peak negativity in the interval between -650 and 1,500 ms according to Eq. (4):
The latency of the MPN (MPNL) was set as the time at which MPN occurs according to Eq. (5). The t(MPN) denotes the time of MPN: MPNL ¼ tðMPNÞ:
The rate of variation from the minimum peak negativity (RVMPN) to the potentials at 1,000 ms was calculated using Eq. (6). P(t) denotes the potential value at t.
The average potential amplitude in the specific interval between 0 and 1,000 ms (SIAP) was calculated using Eq. (7). P i 2P (0, 1000), N is the number of samples in the interval:
Statistical analysis of imagined grip MRCP
In the present study, the main factors influencing the imagined grip force MRCP which are two modes of variation in imagined grip force (i.e., SLGF and SHGF), right and left hand and nine electrodes (FC3, FCz, FC4, C3, Cz, C4, CP3, CPz, and CP4) were included. The following ANOVA and subsequent multiple comparisons were used on each timedomain feature parameter extracted from imagined grip force MRCP. The results of ANOVA and multiple comparisons are considered significant at P \ 0.05. The 2 by 2 repeated-experiments ANOVA, using the two levels of variation in imagined grip force (i.e., SLGF and SHGF) and the two different hands (the right or left), was used for each of the nine electrodes overlying the motor area. The 4 by 9 repeated-experiments ANOVA was used in this study using the four levels of imagined grip movement (i.e., LGFL, HGFL, LGFR, and HGFR) and the nine electrodes overlying the motor area. LGFR, and HGFR) were included. Single trials were used to decode these parameters based on MRCP by k-FLDA and SVM as in a previous study about the actual grip force movement.
Traditional linear classifiers are difficult to use for single-trial decoding of brain signals which are nonlinear and usually linearly inseparable. The kernel method can map a linearly inseparable problem in linear space into a linearly separable one problem in nonlinear space. This may overcome the disadvantages of traditional linear methods when dealing with nonlinear problems [39] . The feature vector used in single-trial decoding of imagined grip movement is usually high dimensional. In order to avoid the dimensionality curse, the dimensions of feature space are reduced so that the problem may be solved in lower dimensional space. In this way, combined with kernel function, traditional FLDA may classify brain signals in nonlinear space very well.
Single-trial classification of brain signals usually involves small training samples, especially for online BCIs systems. They are also linearly inseparable because of their high nonlinearity and non-stationary nature [40] . They have highdimensional feature vectors because of combinations of electrodes and features. Some useful features for classification are lost during dimensional reduction. Some methods of classification are subject to local minimum points. SVM can make use of a few support vectors to construct a discriminant function. It is suitable for the classification of small samples and is reasonably generalizable. It may also be used to map samples in the sample space into high-dimensional space using a kernel function. In this way, a linearly inseparable problem in low-dimensional space can be converted to a linearly separable one in the high-dimensional space. SVM does not require many accommodations regarding the dimensional influence on machine learning performance. It is not easy for this method to be subject to local minimum points [39] . In this way, SVM may be used to perform the single-trial classification of brain signals. In the present study, the single-trial decoding of imagined grip movement parameters is based on MATALAB SVM toolbox.
Results
MRCP induced by imagined grip force and time windows of extracting time-domain features
Figure 2a-e showed the average MRCP related to four imagined grip movements (HGFR, LGFR, HGFL, and LGFL) at supplementary motor area/premotor area (SMA/ PMA: FCz), primary motor area (M1: Cz, C3, and C4) and primary somatosensory area (S1: CPz), and also time windows for extracting RP, MP, MPN, SIAP, and MMP for representative subject S2. RP related to four imagined grip movements showed an increasing trend toward negative potentials approximately -1,000 ms before onset of the imagined grip movement. It showed local peak negativity in the interval between about -650 to -350 ms.
MP related to four imagined grip movements showed increasingly negative potentials about -200 ms before the onset of the imagined grip movement. It also showed local peak negativity in the interval between about -150 to 0 ms. MMP related to four imagined grip movements showed a general increasing trend toward positive potentials 500 ms after the onset of the imagined grip movement. The interval between 500 and 1,500 ms covered 500 ms of imagined grip force development and 500 ms of constant imagined grip force.
MRCP related to imagined grip movements had a MPN in the interval between -650 and 1,500 ms. The MPN showed latency. At about 1,000 ms, MMP trended toward a plateau phase. In the interval between 0 and 1,000 ms, MMP related to four imagined grip movements varied from negative trends to positive ones.
These results were similar to those produced by actual grip force movement, but the time windows were different.
Statistical analysis of imagined grip MRCP
The 4 by 9 repeated-experiments analysis of variance and multiple comparisons used the four levels of imagined grip movements (i.e., HGFL, LGFL, HGFR, and LGFR) and the nine levels of electrodes (i.e., FC3, FCz, FC4, C3, Cz, C4, CP3, CPz, and CP4).
The electrode factors had highly significant effects on MMP at 99 % confidence (F (8, LGFR (n = 27)
LGFL (n = 27) Fig. 2 Average MRCP related to four imagined grip movements (HGFR, HGFL, LGFR, LGFL) for a representative subject S2 and time windows used for calculating RP, MP, MPN, SIAP, and MMP with time 0 ms as the onset of imagined grip movement. a Extracted from FCz; b extracted from Cz; c extracted from C3; d extracted from C4; e extracted from CPz highly significant differences between FC3 and FCz/Cz/ CPz, C3 and Cz, Cz and CP3, and CP3 and CPz. The imagined grip movements had highly significant effects on MMP at 99 % confidence (F (3,468) = 7.81). There was a highly significant difference between each two of 4 imagined grip movements as shown in Fig. 3 . It suggested that MMP could be used to distinguish the right hand from the left and a high amplitude imagined grip force from a low one. The electrode factors showed significant effects on SIAP at 99 % confidence (F (8,468) = 5.98). The imagined grip movements had highly significant effects on SIAP at 99 % confidence (F (3,468) = 5.25). Moreover, the electrode factors had highly significant effects on MPN at 99 % confidence (F (8,468) = 8.94). The imagined grip movements had highly significant effects on MPN at 99 % confidence (F (3,468) = 10.56). These results were also to some extent similar to that of actual grip force movement.
Single-trial decoding of imagined grip movement parameters
Based on the results of ANOVA and multiple comparison for MRCP related to imagined grip movement involving the right or left hand, MMP, SIAP, and MPN showed good separability for 4 imagined grip movements were used in generating feature vectors for single-trial decoding by k-FLDA and SVM in 1.7 section. The combination of FCz at SMA/PMA, C3, and C4 at M1 and the combination of C3, C4, FCz, Cz, and CPz were used in the study. Table 1 showed average misclassification rates, standard deviations (SDs), and the minimum misclassification rates (MMRs) estimated for each subject across the decoding methods, the electrode combinations, and the decoding features. The task group included HGFL, LGFL, LGFR, and HGFR. Table 2 showed average misclassification rates, SDs estimated for each combination of the decoding method (DM), the combination of electrodes (CE), and the decoding features (DF) across 11 subjects. The task group was the same as that shown in Table 1 .
The average misclassification rates were 24 % ± 4 % (the best of 11 subjects for S8), 26 % ± 3 % (for S7), and 37 % ± 2 % (the worst of 11 subjects for S11). These were calculated across the decoding features (MMP, SIAP, and MPN), the decoding methods (k-FLDA and SVM), and electrode combinations (FCz, C3, and C4; FCz, C3, Cz, C4, and CPz). The average misclassification rates were 29 % ± 5 % (by k-FLDA, MMP, FCz, C3, and C4) and 27 % ± 5 % (by k-FLDA, MMP, FCz, C3, Cz, C4, and CPz) across 11 subjects. The average misclassification rates of 25 % ± 4 % (by SVM, MMP, FCz, C3, and C4) and 24 % ± 4 % (by SVM, MMP, FCz, C3, Cz, C4, and CPz) were estimated across 11 subjects. The maximum and minimum misclassification rates were 45 % and 15 %, respectively. The average MMR was 24 % ± 4.5 % across 11 subjects.
The average misclassification rates and SD and MMR were estimated across two decoding methods (k-FLDA and SVM), two combinations of electrodes (FCz, C3, C4; FCz, C3, Cz, C4, and CPz), and three decoding features (MMP, SIAP, and MPN) for each subject. These are shown in Fig. 4a, b .
Compared with k-FLDA, SVM was found to reduce the average misclassification rate of 0 %-4 % when using the same combination of electrodes. Compared with the combination of three electrodes (FCz, C3, and C4), the combination of five electrodes (FCz, C3, Cz, C4, and CPz) was found to reduce the average misclassification rate of 1 %-3 % when using the same decoding method. The difference between misclassification rates for all three features was 3 %-11 % when using the same decoding method and combination of electrodes.
Discussion
Studies have shown that neural electrophysiology mechanism for movement readiness and imagined movement can be reflected in the MRCP [10, 11] . RP, which slowly increases toward negative potentials at least 500 ms before movement onset, may represent planning of a given movement. MP, which varies toward negative potentials at steep slope about 150 ms prior to movement onset, may be related to execution of a given movement. MMP, which varies from the negative potentials to the positive after movement onset, may be associated with precision of a given movement [41] .
Although many investigations have shown that actual movement and motor imagery may share some similar neural mechanisms [1] , it is not clear whether movement with parameters and imagined movement parameters may have some similarities to neural mechanisms. Unlike the existing research paradigms, the imagined grip movement used here two modes of variations in grip force involving the right or left hand. Imagined grip movement-related RP began to increase toward negative potentials approximately 1,000 ms before the onset of the imagined movement. This trend may be associated with preparation and planning of a given imagined grip task. In this way, it is advisable to determine the local peak negativity in the interval between about -650 and -350 ms for the extraction of RP feature parameters. In addition, imagined grip movement-related MP began to vary toward negative potentials at about 200 ms before the onset of the imagined movement, and it may be associated with execution of a given imagined grip task. In this way, the local peak negativity in the interval between about -150 and 0 ms was determined for the extraction of MP feature parameters. Again, imagined grip movement-related MMP for four modes varied from the negative potentials to the positive 500 ms after the onset of the imagined movement. This may be associated with precision of a given imagined grip task. For this reason, the interval between 500 and 1,500 ms was determined for the extraction of MMP feature parameters. These results demonstrate that MRCP may characterize the planning, execution, and precision associated with a given imagined movement task [28, [42] [43] [44] . This may also mean that MRCP can be used as feature to decode imagined grip movement parameters based on EEG. Although the results produced using imagined and actual movement showed some similar neural mechanisms, they involved different time windows for processing.
In addition to those given above, a few studies have revealed that MRCP-related MPN, MPNL, and RVMPN may be associated with the speed of movement or imagined movement [20, 21] . In the present study, MRCP related to four imagined grip movements showed different MPN in the interval between -650 and 1,500 ms, and their MPN have different latencies. MPN and its latency were extracted during this interval. The end of the period of calculation of RVMPN was determined to be 1,000 ms when MMP trended toward a plateau phase. For imagined grip movement involving the right or left hand, SIAP, a parameter characterizing the development period (0, 1000) ms of imagined grip force, may add a separable feature for the decoding of imagined grip movement parameters.
ANOVA and multiple comparisons show that MRCP may indicate the neural processing of imagined grip force movement. MMP, SIAP, and MPN may indicate the variations in imagined grip force and the hand involved in motor imagery and so can be used in the identification of the imagined grip movement parameters involving the right or left hand. MP, RVMPN, and MPNL may be indications of high and low amplitude imagined grip force. In this way, they can be chosen for the decoding of imagined grip force magnitude. This is similar to that of the actual grip force movement.
The misclassification rates of imagined grip force parameters were found to be closely associated with the corresponding features of signal-trial decoding. Using MMP, SIAP, and MPN as classification features, the maximal and minimum misclassification rates were 45 % and 15 %, respectively, and the average minimum misclassification rate across 11 subjects was 24 % ± 4.5 %. The results showed these features to have good separability for four imagined grip movements and showed that imagined grip movement parameters can modulate them. However, the misclassification rates were also related to the decoding methods and the electrode combinations. The average misclassification rates for each subject varied with these decoding methods and combinations of electrodes. As in studies of actual grip force movement, the classification results also showed that k-FLDA and SVM were proved to be suitable for identification of imagined grip Table 1 Average misclassification rates (mean), SD, and MMR for each subject on the test data set (% )   Subject  S1  S2  S3  S4  S5  S6  S7  S8  S9  S10  S11  Mean ± SD   Mean  29  27  36  30  29  35  26  24  32  29  37   S D  4  5  2  4  3  2  3  4  1  4  2   MMR  23  25  32  22  25  27  18  15  27  24  25 24 ± 4.5 movement parameters involving the right or left hand. Pattern recognition algorithms based on the kernel method can be used in EEG classification, and SVM was shown to have stronger generalization ability than k-FLDA. Although the modes of variations in grip force and the timing of a single trial used in the present study were the same as in a previous study about the actual grip force movement, two different behavior tasks were carried out. Data analysis indicated that the imagined and actual grip force movements shared similar neuromechanisms. The results showed the accuracy of the single-trial decoding of imagined grip force parameters involved right or left hand based on MRCP to be lower than that of the recognition of actual grip force movement modes.
As shown in Fig. 4a, b , it is necessary to provide the customized BCIs system for specific subject. It is also necessary to improve the accuracy of decoding imagined grip movement parameters. There are a few ways in which this might be done: (1) exploration of the relationships between the variations in the imagined grip movement parameters involving the right or left hand and EEG band power (including alpha, beta, and gamma frequency bands); (2) combination of MRCP with EEG band power in order to reduce the error classification rate; (3) improvement and innovation of the decoding algorithms to further reduce the error classification rate such as optimization of the types and parameters of the kernel function (such as r parameter for Gaussian radial basis function) and error penalty parameter c for SVM by the classification objective function as in a previous study about the actual grip force movement. These would be suitable topics for future studies.
Conclusion
MRCP related to imagined grip force movement involving the right or left hand rather only one hand was here investigated and used in single-trial decoding of imagined grip movement parameters. Seven time-domain feature parameters (including RP, MP, MMP, MPN, MPNL, RVMPN, and SIAP) for MRCP related to imagined grip movement involving the right or left hand were analyzed by the superposition and averaging technology, single-trial extraction method, ANOVA for multiple experimental factors data, and multiple comparisons in this study. Results show that MMP, SIAP, and MPN may encode the imagined grip movement parameters involved in the right or left hand. On the basis of these results, MMP, SIAP, and MPN from the electrodes overlying motor area were extracted, and single-trial decoding of imagined grip movement parameters related to the right or left hand was performed using k-FLDA and SVM, respectively. The MMR was 15 %, and the average MMR across 11 subjects was 24 % ± 4.5 %. These results also show that SVM has better generalization ability than k-FLDA. Compared with the traditional method, which can only be used to identify the type of limb involved in imagined movement and the decoding of their parameters involving unilateral limb, the present study shows that it is possible to decode imagined grip movement parameters involving the right or left hand based on MRCP using a single trial. It is expected that these results may provide some additional and fine control commands for BCIs. 
